Background
Hepatocellular carcinoma (HCC) is a common malignance throughout the world with a high morbidity and mortality rate. Although modern imaging techniques make the diagnosis of HCC much easier and accurate than before, the effect and prognosis is still not satisfactory.
Transarterial chemoembolization (TACE) is a combination of local delivery of chemical medicine and embolization procedure to cure solid tumor, mostly used for HCC. The use of TACE improves the prognosis of HCC, but the medium to long-term efficacy is not good enough.
Percutaneous microwave coagulation therapy (PMCT) is a micro-invasive technique by transferring microwave into the tumor lesion to generate heat, which leads to a complete necrosis of the HCC. But the rich blood supply around the tumor limited the spreading of the PMCT in the necrosis area. TACE has the advantage of reducing the local blood supply of the tumor, resulting in tissue necrosis and 
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sun et al inflammatory edema. Theoretically, PMCT combined with TACE can reduce the "heat sinking" effect of blood flow during ablation to enlarge the coagulation necrosis of PMCT.
The institutional review board (IRB) of Sun Yat-Sen Memorial Hospital approved this study. Written informed consent was not required by the IRB as this was a retrospective review of anonymized patient data.
Materials and methods
This retrospective study including 44 patients with 56 HCC nodules was selected from March 2011 to December 2014. Diagnosis was based on the CT or MRI imaging, alphafetoprotein (AFP) level, laboratory tests, or histology. All clinical data were obtained from the medical records and CT, and MRI images were collected from hospital PACS (picture archiving and communication systems).
clinical materials
Forty-four patients (38 males and 6 females) with 56 tumor nodules of the HCC, with size ranging from 1.5 to 3.5 cm in diameter, were enrolled in our study. The patients were divided into two groups according to the treatment. Group A with 26 nodules of 23 patients (58.04±12.93 years old) underwent PMCT only, while Group B with 30 nodules of 21 patients (51.71±14.74 years old) underwent both PMCT and TACE. The size of the tumor (diameter of three mutual perpendicular directions) of Group A was 2.99±1.50 cm, 2.69±1.25 cm, and 2.48±1.13 cm, and the mean tumor volume was 16.29±19.23 cm 3 . For Group B, the tumor was 2.57±0.90 cm, 2.57±1.06 cm, and 2.44±1.16 cm in diameter, and the mean volume of tumor was 11.95±12.78 cm 3 . Blood routine, coagulation, biochemical, biomarkers, and evaluation of the hepatic function was checked before operation (Child-Pugh standard). There was no significant difference between two groups on patients' age, tumor size, and hepatic function levels.
All patients were informed about the indication of therapy, the risk of interventional operation, recurrence rate, operation procedure, and postoperative treatment.
equipment
Siemens 64-slice spiral CT machine (Somatom 64 Sensation, Munich, Germany) was used for image acquisition and PMCT puncture guidance Philips (INTERGRIS V3000 and ALLURE FD20) digital subtraction angiography (DSA) was used for interventional therapy of TACE. Routine apparatus included puncture needle, artery catheter sheath, catheter and micro catheter, lipiodol, and chemotherapeutics such as 5-FU and floxuridine, theraruibcin, hydroxycamptothecin, and mitomycin c.
The apparatus for microwave ablation was ECO-100 water-cooled microwave apparatus (Qinghai Electric Manufacturing, Nanjing, China) and monopole microwave antenna (18G).
Patient selection criteria 1. The selected patient with HCC or TACE treated failure 2. Nodule size from 1.5 to 3.5 cm 3. Liver function was Child-Pugh class A or B 4. Suitable for PMCT treatment with single-electrode and single point ablation 5. Tumor with rich blood supply, but cannot be treated with TACE alone 6. Those without serious coagulation disorders 7. Patients agreeing to receive PMCT-or PMCT-combined TACE treatment.
Therapeutic methods

Tace Preoperative preparation
The patient was fasted for 12 hours before operation, both side of inguinal region skin prepared, and antibiotic and antacid drugs (omeprazole 40 mg) were given 30 minutes before the operation.
Procedure of Tace
The patient laid on back, after local anesthesia with 1% lidocaine at point 2 cm lower the middle of inguinal, Seldinger skill was used to puncture the right femoral artery. After the placement of the arterial sheath, 5F Yashiro or RH catheter was inserted. Then, the celiac artery and superior mesenteric artery angiography was done under the guidance of DSA to ascertain the blood supply in the liver and the tumor. In order to protect the function of normal hepatic parenchyma, superselective catheterization was done using a micro catheter (2.7F/2.8F Progreat, Terumo). Chemical medicine and lipiodol emulsion was injected through the catheter in the target artery. The dose of lipiodol used for TACE was 1-6 mL. The standard of complete embolization was that the whole tumor was filled with lipiodol emulsion, the blood flow was stopped, and the small portal vein around the tumor was filled with lipiodol. The sheath and catheter was pulled out after the operation.
Postoperative management
The vital signs of patients were monitored for 6-8 hours after the operation. The medicine for protecting hepatic function, 
PMcT Preoperative preparation
Absolute diet for 4-6 hours and transdermal fentanyl (4.2 mg) was given for analgesia 6 hours before PMCT operation. Antacid drug (omeprazole 40 mg, intravenously) and atropine (0.5 mg, intramuscularly [IM]) was given 30 minutes before the procedure to inhibit gastric acid secretion and vagal reflex during the operation. Antibiotics also needed to be used prophylactically.
Procedure of PMcT
Conventionally, the patient lay supine with a fine metal marker on the body surface over the tumor. If the tumor was located in segment I or VII of the liver, in order to get a perfect path for puncture or to avoid damage to important vessels or normal organs, the patient had to lie prostrate or on the left side. To determine the pathway of puncture, a plain and enhancement CT scan image should be evaluated. The shortest distance with minimum damage, no big blood vessel and bile duct on pathway and easy to cooperate with the patient, were the principles of puncture pathway selection. After local anesthesia with 2% lidocaine at the puncture point, a 20G needle was punctured along the pathway as a locating needle. To confirm the puncture pathway, a plain CT scan was done. Once the pathway was determined, the microwave probe was inserted along the locating needle through the center of the tumor to its opposite margin. Before the microwave is switched on, 60-80 mg dolantin should be injected IM for analgesia. And if the patient still cannot suffer the pain of ablation, general anesthesia had to be done. The vital signs were monitored during the operation. The probe and locating needle was pulled out after the ablation, and the wound of the skin was wrapped up. Plain CT scan again was the last step to find out whether there was a serious complication, such as the bleeding of abdominal or thoracic cavities or a massive pneumothorax. The CT image showed that the lesion density was lesser, while the tissue close to the electrode was a little higher, indicating the possibility of small bubbles in the lesion.
Postoperative management
After PMCT treatment, conventional treatment was given just like after TACE. The vital signs were monitored for 12 hours after the operation. Patients with complication of pneumothorax should be prolonged at the time of lying in bed until the air in thoracic cavity is absorbed, and thoracic drainage should be done if necessary. The liver and kidney function and the level of biomarkers were reexamined 7 days later and the patients discharged from hospital for recovery until their hepatic function returned to normal. Periodic examination was needed for each patient. The first subsequent visit was 4-6 weeks later for laboratory tests, for assessing the level of tumor biomarkers, and for imaging evaluation (CT or MRI), and then the follow-up visit should be every 2 months for 3 times, and then once every 3 months. The longest follow-up time was 70 months with a mean of 24.5 months.
Measurement and calculation
Three mutual vertical diameters of the tumor and necrosis area of PMCT were measured using Siemens, Syngo Software Package on CT imaging, and among them, the long axis (a) was measured along the pathway of puncture.
The volume of tumor and necrosis area made by PMCT was calculated using the following formula:
(V-volume, a, b, c was three diameters of the tumor or necrosis, length (a), width (b), and height (c)). statistics SPSS software package (version 16.0, SPSS Inc. Chicago, IL, USA) was used for statistical analysis. Paired-samples t-test was done to compare the parameters, such as blood routine, hepatic function, coagulation function, biomarkers level, and the size of necrosis and tumor, pre-and postoperation. Independent-samples t-test was used for ascertaining the size of the necrosis between two groups. Average values were expressed as mean ± SD. P-value ,0.05 was considered to be significant.
Results
common condition
Group A consisted of 23 patients with 26 lesions, while Group B had 21 patients with 30 lesions (Table 1A) . The tumor size of Group A was 16.29±19.23 cm 3 and 11.95±12.78 cm 3 for Group B, which showed no significant difference between two groups (P=0.319, All patients were successfully managed with PMCT and TACE, without any fatal postoperative complication and mortality. The dose of lipiodol used for patients in Group B was 1.0-6.0 mL.
laboratory test
Blood routine, hepatic function, coagulation, and biomarkers were tested before the operation to evaluate whether patients could withstand TACE and PMCT. Seven days after operation, all items should be tested repeatedly to compare with those of preoperation.
White blood cell and platelets count returned to normal level 7 days after PMCT, but they were significantly lower than those of preoperative.
Aspartate aminotransferase, alanine aminotransferase and total bilirubin (T-BIL) levels rose slightly for the two groups, but there was no significant difference. Seven days later, they returned to normal and jaundice declined. The hepatic function pre-and postoperation within each group had a significant difference (paired-samples t-test), but there was no significant difference between two groups ( Table 2) .
The postoperation coagulation function of both groups declined mildly, but was still in normal range ( Table 3) .
The level of AFP and carbohydrate antigen 125 (CA 125 ), which were the two tumor biomarkers mainly surveyed, had no significant difference pre-and postoperation intergroup. One week after treatment, these two biomarkers declined nearly to half level of preoperation (Group A P AFP =0.012, Group B P AFP =0.001, Table 4 ).
Tumor size and necrosis volume of PMcT
The tumor size of two groups was shown in Table 1B . In Group A, the necrosis area of PMCT was a little larger than tumor size 1 month after treatment, but without significant difference (P=0.650), while the volume of necrosis was significantly larger in Group B (P=0.017). But, a comparison of the necrosis volume between two groups showed no significant difference (P=0.581) ( Tables 5 and 6 ) (Figures 1-3) .
The ideal necrosis area was that the diameter of ablation should be 1.0 cm larger than that of tumor at least, while, compared to this volume, the size of the necrosis area of two groups was significantly small (P=0.001, respectively) ( Table 7) .
complications Tace-related complications
Hemorrhage, subcutaneous hematoma at puncture site, dissecting aneurysm, and pseudoaneurysm were common complications of TACE. However, most of them did not require treatment. In our study, none of the patients had subcutaneous hematoma. Embolization syndrome including nausea, vomiting, fever, local pain, and abdominal distension occurred most commonly, and lasted for 3-7 days. A total of 18 patients in Group B had more than one of these symptoms, which relieved 3-7 days after TACE. Ectopic embolization of adjacent organ such as gall bladder was mainly because the catheter did not reach the target vessel or the reflux of lipiodol emulsion, which did not appear in Group B.
PMcT-related complications
Common complications caused by PMCT include puncture site or hepatic hemorrhage, pain, soft tissue burn, pneumothorax, hemothorax, serious arrhythmia, peritonitis, liver abscess, and metastasis along needle tract, etc.
Totally, there were 56 PMCT operations in two groups. Discomfort and pain caused by heating were the most common complications during ablation, shown in 22 patients, of which six underwent general anesthesia and the rest endured the ablation after analgesic therapy. One case of pneumothorax occurred in each group. There was one case of pneumothorax occurred in each group, and the pneumothorax volume 
Discussion
The treatment of HCC was quite a challenge and required a multidisciplinary approach. 1 Now, interventional therapy has become the first choice for unresectable HCC.
2,3 Regional treatment for HCC, including TACE, PMCT, radiofrequency ablation, percutaneous ethanol injection, and laser-induced thermotherapy, were all promising methods for HCC treatment, especially for patients with cirrhosis, hepatic insufficiency, unresectable tumor, or multifocal tumors.
4-8 characteristic of PMcT and Tace
The principle of PMCT was to use the heat-sensitive tumor cells and heating effect of microwave to cure the tumor in the liver. The microwave probe could generate heat after its insertion into the center of the lesion, which induced the coagulation necrosis of the tumor tissue to kill the tumor mass completely. After the first report by Seki et al, 9 many researchers and clinical doctors tried to use this method to cure small HCC. And this method also became an important option for HCC. But, the "heat sinking" effect limited the range of PMCT. 10, 11 And the conformality of the PMCT area was another limit.
The TACE that was widely used in the clinic for HCC was already over 30 years; it was a combination of local chemotherapy and embolization. It was a procedure that mixed chemotherapeutics drugs with lipiodol injected into the HCC through its blood supply artery, to kill or repress the tumor by blocking blood supply and keep releasing chemicals. 12 A lot of clinical studies had shown that the TACE has the following characteristics: reducing the toxicity of the whole body, increasing local chemical concentration, producing few complications and having good short-term effect. Therefore, TACE has become one of the first choices for unresectable HCC especially for B stage (BCLC 2010) and is widely used all over the world. And the disadvantage of TACE is that tumor cells remain alive in the lesion, although it is filled with lipiodol completely. 
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Table 2 hepatic function changes pre-and 7 days postoperation (paired-samples t-test)
AST (U/L) ALT (U/L) T-BIL (µmol/L) Alb (g/L)
PMcT plus Tace
PMCT could induce complete necrosis of tumor tissue in its heating range. But the effective heating field depended on the heat conduction and many factors of heat losing, which limited the spreading of the necrosis area. It was thought that blocking local blood flow was an effective method to enlarge the range of necrosis of PMCT. Theoretically, TACE might increase heat effect of PMCT by the following aspects. First, to reduce the "heat sinking" effect in two ways, lipiodol blocked artery blood supply of the tumor and a small drop of lipiodol could flow into small branches of portal vein through collateral circulation between hepatic artery and portal vein around the tumor to block the blood flow of the portal vein. 14, 15 Besides, TACE could cause ischemia and inflammatory edema of the tumor tissue, which increases intracellular and interstitial water content, which in turn improves the heat effect of microwave ablation. So, TACE might enhance the result of PMCT ablation.
Therefore, PMCT combined with TACE could damage not only the center part but also the hepatic parenchyma around the tumor, which could increase the efficiency of regional treatment to the level of nonsurgical resection.
According to the above analysis, researchers considered that PMCT after TACE could enlarge the coagulation necrosis range absolutely.
At early stage, in Seki et al 9 reports they used several probes or ablation repeatedly to cure the tumor for the limitations of apparatus. It was reported that the liver tumor (17 from 18 cases) was totally necrosis and the necrosis area was 5 mm larger than tumor area on CT scan. Among them, 14 patients used 4 probes, 2 patients used 5 probes, and 1 used 6 probes. In 2009, Yang et al 14 reported that 41 tumor nodules (,3.0 cm) underwent TACE-combined PMCT treatment. According to CT images and pathology, 34 nodules were totally necrosis after PMCT surrounding with 3-5 mm necrosis of liver tissue as safe margin, 7 nodules (17%) were necrosis without the safe margin. And other researchers used new apparatus to enlarge the effect of PMCT. 16, 17 But, the necrosis area of one-point ablation with single probe was not indicated in detail. Now, most researchers considered that the combination of the two methods could take advantage from each other. Angiography could find small lesions neglected by ultrasound, CT and even MRI; furthermore, the deposition of lipiodol after TACE could provide guidance for PMCT puncture. TACE reduced blood flow and heat-sinking effect around the tumor by blocking tumor artery and/or portal vein, which was benefit to ablate tumor tissue for PMCT. The PMCT could kill the tumor cells completely within its effective heating field, while TACE cannot. The microwave probe with water-cooled tip could enlarge its coagulation field in one-point ablation (from 1.6×2.4 cm to 4.7×5.2 cm), to reduce tumor load and the number of TACE performers. 17, 18 The recommended ablation area of the apparatus that we used for PMCT was 4.5-5.0 cm in long-axis direction.
Does Tace enlarge PMcT range?
In our study, we observed that the ablation area of most completely filled with lipiodol lesions was not enlarged, and there was also no 5-mm lower density region surrounding the nodule as "safe margin" shown on CT-enhanced images as expected. Statistical analysis showed that as compared to Notes: Data presented as mean ± SD unless otherwise specified. a, b and c were diameters of necrosis, length (a), width (b), and height (c). Abbreviation: PMcT, percutaneous microwave coagulation therapy. necrosis of the PMCT. If the lipiodol deposition fits the shape of tumor and filled completely, the necrosis area of the PMCT was rarely larger than the area of lipiodol deposition. But, if the lipiodol filled the tumor partially, the necrosis area of the PMCT would be usually larger than the tumor to form a "safe margin" with low density shown on CT imaging. Why was the necrosis area of PMCT not enlarged after TACE? How many factors would have an effect?
Ionic conduction and dipole rotation are the main principles of microwave heating. So, the changes of the medium composition would affect the results of the microwave heat.
We reasoned that there may be several factors to count for this. First, the water content in the tumor nest was reduced after it was filled with lipiodol, which may reduce heat generation by PMCT. This phenomenon was shown obviously in patients with lipiodol completely deposition in tumor, meanwhile it was rare to observe the "safe margin" around the tumor on CT contrast enhancement images (Figures 1) . Second, the heat generated by PMCT was limited to spread to the surrounding tissue because of low heat conduction of lipiodol. This may cause the distribution of heating field asymmetrical, which means that the necrosis was larger in lipiodol incompletely deposition area than that of completely deposition area ( Figure 3A and B) . Third, the timing for PMCT after TACE may have some effect. We did PMCT 7 days after TACE, after which the edema of tumor caused by TACE may have reduced.
Thus, as per our findings, we plan to use a different embolic agent and a different dosage of lipiodol in TACE before PMCT, and to conduct more animal experiments to improve the effect of combined treatment.
19
Conclusion
PMCT could cause total necrosis of tumor in its heating field, and combine with TACE did not increase the occurrence Notes: Data presented as mean ± SD unless otherwise specified. a, b and c were diameters of necrosis, length (a), width (b), and height (c). Abbreviation: PMcT, percutaneous microwave coagulation therapy. the PMCT group (necrosis area was 16.60±11.70 cm 3 ), the necrosis area of the combination group (17.98±18.49 cm 3 ) had no significant difference in size (P=0.581). And the CT imaging showed that a different condition of lipiodol deposition of the Group B had an effect on the area and the shape of
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